In an attempt to find biorational insecticides, eleven podophyllotoxin analogues were tested for their insecticidal activity against the fifth-instar larvae of Brontispa longissima in vivo for the first time. Among all of the tested compounds, deoxypodophyllotoxin (3) and β-apopicropodophyllin (4) showed more promising and pronounced insecticidal activity than toosendanin, a commercial insecticide derived from Melia toosendan, and important SAR information has been revealed. Together, these preliminary results may be useful in guiding further modification of podophyllotoxins in the development of potential new insecticides.
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The continued widespread use of conventional insecticides has generated an increasing number of problems, such as persistence in the environment and development of resistance. This has caused scientists to look seriously at any ideas for new pest control agents that are different from the traditional insecticides [1] [2] [3] [4] . In this context, natural products from plants still have enormous potential to inspire and influence modern agrochemical research. They are considered to have high insecticidal activity, low toxicity to non-target organism, and safety in the environment [5] [6] [7] . As a result of our program of screening of naturally occurring insecticides from the northwestern part of China, podophyllotoxin (1) and deoxypodophyllotoxin (3) were isolated as the main insecticidal components by bioassay-guided fractionation from Juniperus sabina L. These and their numerous semi-synthetic derivatives have been investigated as new insecticides by our group, as well as others in recent years [8] [9] [10] [11] [12] [13] . Although a large number of podophyllotoxin derivatives have been prepared, their insecticidal activity has been evaluated against very few insects. In addition, structure-activity relationships (SAR) have not been well determined, so the chemical basis for their insecticidal properties is not yet known. As part of our collaborative effort to search for new insecticides to control Brontispa longissima, we evaluated the insecticidal activities of eleven podophyllotoxin derivatives against B. longissima and studied the structure-activity relationships of these derivatives. Our results revealed that variation of chemical structures in the podophyllotoxin skeleton resulted in different activities against B. longissima. This research will be useful for guiding further modification of podophyllotoxins in the development of new and more efficacious insecticides. Podophyllotoxin (1) was isolated from Juniperus sabina and compounds 2-11 were synthesized by previously published procedures from our Laboratories; the compounds were confirmed by direct comparison with authentic samples and spectral data reported previously [14] . Structures of these derivatives are shown in Figure 2 .
The insecticidal activity of compounds 1-11 against the fifth-instar larvae of B. longissima in vivo was screened by the leaf-dipping method at a concentration of 0.1 mg/mL. Toosendanin, a commercial insecticide derived from Melia azedarach, was used as a positive control. Corrected mortality rates were calculated as shown in Table 1 . As illustrated in Table 1 , we found that the corresponding corrected mortality rates caused by these compounds were higher after 9 days than those after 6 and 3 days. For example, the corrected mortality rate of 1 after 3 days was only 6.7%, after 6 days 16.7%, but after 9 days 40.0%, which was nearly six times the mortality rate after 3 days. Thus these compounds showed delayed insecticidal activity, which coincided very well with our previous studies [9, 10] .
In this study, we found that podophyllotoxin and its derivatives affected the process from larvae to adults of B. longissima, which mimics the activity of toosendanin. Additionally, the pupation of B.longissima larvae and adult emergence were inhibited by podophyllotoxin and its derivatives. Moreover, we observed that the stage from the larvae to adulthood of B.longissima was prolonged following treatment with podophyllotoxin and its derivatives. Similarly, Inamori et al., have reported that deoxypodophyllotoxin shows delayed insecticidal activity against housefly larvae [15] . This suggested that the insecticidal mechanism of Podophyllotoxin derivatives show insecticide activity Natural Product Communications Vol. 5 (8) 2010 1249 these compounds is quite different from that of conventional neurotoxic insecticides, such as organophosphates, carbamates and pyrethroids. From insecticidal activity values, it emerged that there was a different relative relationship between bioactivity and the different modified podophyllotoxins. Of all the tested compounds, 3 and 4 showed more potent insecticidal activity than toosendanin. For example, the final mortality rates of 3 and 4 were 93.3% and 86.6%, respectively, while that of toosendanin was 53.3%. Podophyllotoxin (1) exhibited more potent insecticidal activity than its corresponding 4'-O-demethyl derivative 2 (16.7% vs 6.7%), which indicated that the 4'-OCH 3 moiety in the PPT analogues are essential to maintain insecticidal activity. Compounds 3 and 5 were more potent than their corresponding parent compound 1, which showed that a free 4-hydroxyl group is not a prerequisite for insecticidal activity, and most structural modifications should be focused on the C-4 position.
Compounds 7-11 exhibited significantly lower activity than 1, which indicated that the trans-lactone ring may be critical for the podophyllotoxin derivatives' insecticidal activity. It is interesting and significant to note from Table 1 that compound 4, known as β-apopicropodophyllin, exhibited significant activity with a mortality rate value of 86.6% when compared with podophyllotoxin with a mortality rate value of 40% at 9 days. Whether the cis-lactone ring is important for maintaining higher activity will be further investigated by synthesizing more podophyllotoxin analogues.
In conclusion, we have evaluated the insecticidal activities of eleven podophyllotoxin congeners with diverse chemical structures against fifth-instar larvae of B. longissima in vivo at a concentration of 0.1 mg/mL. Among all of the tested compounds, 3 and 4 showed the most promising and pronounced insecticidal activity, as compared with toosendanin. The different insecticidal activity range of compounds 1-11 indicated that variation of chemical structures in the podophyllotoxin skeleton markedly affected the activity profiles of this compound class, and some important SAR information has been revealed. These preliminary results provide insight into the important regions of the molecules responsible for their insecticidal properties, and this will be useful in guiding further modifications of podophyllotoxins in the development of potential new insecticides, as well as contributing to a better understanding of their mechanism of action. Further study on the structure-activity relationships and insecticidal evaluation of podophyllotoxin derivatives is being pursued in our laboratory.
